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Anode eiearode structure (12) for a display such as an electrophoretic display panel. An anode electrode struaure (12) 
which is fabricated in accordance with the present invention includes a multiplicity of anode line segments (2), (7), (13) and (18) 
wherein each anode line segment comprises at least a first and a second conductor. An embodiment of the inventive anode elec- 
trode structure (12) enables a selective erase operation of a line (8) in a display without partial erasure of adjacent lines (3), (14), 
(19). 



FOR THE PURPOSES OF INFORMATION ONLY 



Cbdcs used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 



AT 


Austria 


FR 


France 


MR 


Mauriunla 


AU 


Australia 


CA 


Gabon 


MW 


Malawi 


BB 


Barbados 


GB 


United Kingdom 


NL 


Nclher lands 


BE 


Belgium 


GN 


Cutoca 


NO 


Norway 


BF 


Burkina Faao 


OR 


Greece 


NZ 


New Zealand 


6C 


Bulgaria 


HU 


Hungary 


PL 


Poland 


BJ 


Benin 


IE 


Ireland 


PT 


Portugal 


BR 


Bra^l 


IT 




RO 


Romania 


CA 


Canada 


JP 


Japan 


RU 


Russian Federation 


CF 


(Antral African Republic 


KP 


Democraiic Peoplc*s Republic 


SD 


Sudan 


CC 


Congo 




or Korea 


S£ 


Sweden 


CH 


Switzerland 


KR 


Republic oT Korea 


SK 


Slovak Repuhtic 


CI 


Cdted'l voire 


LI 


IJechienstein 


SN 


Senegal 


CM 


Cameroon 


LK 


Sri Lanka 


SU 


Soviet Union 


CS 


Occhoslovakia 


LU 


Luxembourg 


TD 


Chad 


C2 


Ccech Republic 


MC 


Monaco 


TC 


Togo 


DE 


Germany 


MC 


Madagascar 


UA 


Ukraine 


OK 


Dennurt 


ML 


Mali 


US 


United Slates of America 


ES 


Spain 


MN 


Mongolia 


VN 


Vict Kam 


n 


Rnland 











wo 93/07608 



PCr/US91/07l6I 



Electrode Structure For An Electrophoretic 

Display Apparatus 

Description 

5 Technical Field 

The present invention relates to a segmented 
type anode electrode for an electrophoretic display 
and, in particular, to an anode electrode for use in 
fabricating a flat panel display such as an 
10 electrophoretic display panel. 

Background Art 

Electrophoretic displays are known which 
incorporate a plurality of parallel cathode lines and 

15 a plurality of transverse grid lines insulated from the 
cathode lines. The cathodes and grids are referred to 
as rows and colimns and the terms can be interchanged. 
The grid cathode structure forms an X-Y matrix enabling 
one to address the display at each X-Y intersection to 

20 enable pigment particles to migrate to the anode 
electrode- Such electrophoretic displays have been the 
subject matter of other prior art patents and 
essentially the assignee herein, namely CopyTele, Inc. 
of Huntington Station, New York, has developed many 

25 such displays as well as operating techniques for such 
displays. 

As is well known to those of ordinary skill 
in the art, a display is formed in an electrophoretic 
display panel as a result of movement of electrically 
3 0 charged particles that are suspended in a fluid which 
is disposed within a panel structure, which panel 
structure supports the row and column electrodes and 
the anode electrode structure. The movement of the 



electrically charged particles is caused by applying 
potentials to predetermined intersections of the row 
and column electrodes and to the anode electrode 
structure to provide predetermined electric fields . As 
described in U.S. Patent No. 4,655,897, entitled 
"Electrophoretic Display Panels aiid Associated 
Methods", issued on April 7, 1987 and in U.S. Patent 
No. 4,850,819 entitled "Electrophoretic Display Panel 
Apparatus and Methods Therefor", issued on July 25, 
1989, a typical 8.5" x 11" electrophoretic display 
panel having a resolution of 200 lines per inch 
comprises approximately 2200 cathode or row electrodes, 
approximately 1700 grid or column electrodes, and an 
overlying anode electrode structure. 

There is an anode electrode structure which 
comprises conductor strips instead of a solid thin 
layer of ITO. This anode structure is described in a 
copending application entitled DUAL ANODE FLAT PANEL 
ELfeCTROPHORETIC DISPLAY, filed on May 1, 1989, Serial 
No. 345,825 to Frank J. DiSanto and Denis A. Krusos and 
assigned to CopyTele, Inc., the assignee herein, which 

is now U.S. Patent In an 

electrophoretic display panel which is used to display 
characters, characters are formed utilizing a 
predetermined number of such anode conductor strips in 
a group, the predetermined number of anode conductor 
strips being referred to as a character line and each 
of the predetermined number of anode conductor strips 
in the character line being referred to as an anode 
line segment. For example, in a typical such 
electrophoretic display panel, a character line is 
comprised of 26 anode line segments, each of which is 
approximately .125" wide and each of which is spaced 
approximately .001" from adjacent segments. 

As is well known to those of ordinary skill 
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in the art, an entire electrophoretic display panel 
which is fabricated in accordance with the prior art 
described above can be erased by applying a negative 
voltage to all of the anode line segments in the anode 
5 electrode structure. In addition, to provide a "hold" 
mode of operation or a "write" mode of operation, which 
modes of operation are described in the U.S. patents 
identified above, a positive voltage is applied to all 
the anode line segments in the anode electrode 

10 structure. Further in addition, a "selective" erase 
operation of a multiplicity of character lines, each of 
which comprises a multiplicity of anode line segments, 
is achieved by applying a negative voltage to the anode 
line segments which comprise each of the selected' 

15 character lines. However, when the above-described* 
"selective" erase operation in such an electrophoretic' 
display panel is utilized to erase a single character- 
line by applying a negative voltage to the anode line 
segments for the selected character line, a part of- 

20 adjacent character lines on either side of the selected- 
character line are also erased. Although such partial- 
erasure also occurs when a multiplicity of character 
lines are erased, partial erasure is particularly 
unacceptable when few character lines are erased 

25 because it produces a display which is illegible and 
hard to read. 

In general, notwithstanding that movement of 
particles in the electrophoretic display panel is 
almost perpendicular to the anodei and cathode surfaces, 

30 some inherent spreading occurs. We have discovered 
that this inherent spreading causes the above-described 
erasure of parts of character lines which are adjacent 
to a character line which is to be erased. Further, we 
have discovered that such partial erasure of adjacent 

3 5 character lines can be eliminated if the spacing 
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between adjacent anode line segments is increased. 
However, such a solution is unsatisfactory because the 
amount of spacing which is required to eliminate the 
partial erasure is so large that the line structure of 
5 the display becomes noticeeible to a viewer. The 
increased spacing also affects resolution as one could 
not achieve 200 lines per inch without proper line 
spacing. 

As a result of the above, there is a need in 
10 the art for an anode electrode structure for a display 
and, in particular, for an electrophoretic display 
panel which provides selective erasure of lines without 
partial erasure of adjacent lines. 

15 Disclosure of the Invention 

Embodiments of the present invention 
advantageously solve the above- identified need in the 
art by providing an anode electrode structure for a 
display cind, in particular, for an electrophoretic 

20 display panel which provides selective erasure of a 
line without partial erasure of adjacent lines. 

An embodiment of the present invention is an 
anode electrode structure which is comprised of a 
multiplicity of anode line segments wherein each anode 

25 line segment comprises at least a first and a second 
conductor. In a preferred embodiment of the present 
invention, the first conductor is larger than the 
second conductor and the inventive anode electrode 
structure is applied to an electrophoretic display. 

30 One provides a full panel erase operation in 

an electrophoretic display panel fabricated using an 
embodiment of the present invention by applying a 
negative voltage to all anode line segments in the 
display panel, i.e.^ to the first and second conductor 

35 of each anode line segment. Further, with such a 



wo 93/07608 



PCT/US91/07161 



5 

display panel, one provides a "hold" operation or a 
"write" operation by applying a positive voltage to all 
anode line segments in the display panel, i.e., to the 
first and second conductor of each anode line segment. 
5 Lastly, with such a display panel, one provides a 
selective erase operation by applying a negative 
voltage to a selected group of anode line segments, 
i.e., to the first and second conductor of each of the 
selected group of anode line segments, and by applying 

10 a positive voltage to all the other anode line segments 
in the display panel, i.e., to the first and second 
conductor of each of the other anode line segments. 

Advantageously, in accordance with . the 
present invention, the addition of a conductor between 

15 anode line segments of an anode electrode structure 
which is fabricated in accordance with the prior art 
eliminates partial erasure of lines which are adjacent 
to a line which is being erased. Further, as will be 
set forth in detail below, the additional conductor can 

20 be made sufficiently small that it is not visible to a 
viewer.. 

Brief Description of the Drawings 

A complete understanding of the present 
25 invention may be gained by considering the following 
detailed description in conjunction with the 
accompanying drawing, in which: 

FIG. 1 shows, in pictorial form, a portion of 
a preferred embodiment of an anode electrode structure 
3 0 which is fabricated in accordance with the present 
invention for use in providing an electrophoretic 
display panel. 

Best Mode F or Carrvina Out The Invention 
35 FIG. 1 shows a preferred embodiment of anode 
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electrode structure 12 for use in fabricating, an 
electrophoretic display panel. Electrophoretic display 
panels are well known in the art and detailed 
descriptions regarding their fabrication and operation 
5 can be found in the U.S. Patents identified above in 
the Background of the Invention plus many others. 
Thus, for purposes of clarity, the following detailed 
description will only show details of the anode 
electrode structure of the present invention. Further, 

10 for purposes of illustration, the electrophoretic 
display panel which is fabricated using an embodiment 
of the inventive anode electrode structure is adapted 
to display characters. Lastly, in accordance with the 
present invention, a character line is formed utilizing 

15 a predetermined niimber of anode line segments wherein 
each anode line segment comprises a first and a second 
conductor. 

FIG. 1 shows a portion of anode electrode 
structure 12 which is fabricated in accordance with the 

20 present invention and which forms a portion of a 
character line in the display. Typically, each anode 
line is fabricated from a thin layer of ITO deposited 
on a glass sheet. The ITO layers are practically 
transparent and fabricated on the glass sheet by 

25 conventional processing techniques as described in the 
above-noted patents. The ITO lines are deposited on a 
glass sheet 60. In particular, in a typical 
electrophoretic display panel which is fabricated in 
accordance with the present invention, a character line 

30 is comprised of 26 anode line segments. As shown in 
FIG. 1, anode electrode structure 12 is comprised of a 
multiplicity of anode line segments, however, only 
segments 2, 7, 13, and 18 are shown for the sake of 
clarity. In accordance with the present invention, 

35 each of anode line segments 2, 7, 13, and 18 is 



comprised of two, spaced apart conductors. In 
particular, anode line segment 2 is comprised of larg r 
conductor strip 3 and smaller conductor strip 5; anode 
line segment 7 is comprised of a larger conductor strip 
8 and smaller conductor strip 10; anode line segment 13 
is comprised of larger conductor strip 14 and smaller 
conductor strip 16; and anode line segment 18 is 
comprised of larger conductor strip 19 and smaller 
conductor strip 21. 

In a preferred embodiment of the present 
invention, larger conductor strips 3, 8, 14, and 19 are 
each .115" wide and smaller conductor strips 5, 10, 16, 
and 21 are each .013" wide. Further, the spaces 
between the conductors — spaces 4, 6, 9, 11, 15, 17,. 
20, and 22 — are each .001" wide. As a result of this,, 
each anode line segment in the preferred embodiment is, 
.130" wide. 

It should be appreciated that embodiments of 
the present invention are not limited to an anode 
electrode structure having the dimensions given above. : 
For example, one may fabricate an anode electrode, 
structure wherein larger conductor strips 3, 8, 14, and 
19 are each .110" wide; smaller conductor strips 5, 10, 
16, and 21 are each .016" wide; and the spaces between 
the conductors — spaces 4, 6, 9, 11, 15, 17, 20, and 
22~ are each .002" wide. In such an embodiment, each 
anode line segment is .130" wide. 

It should further be appreciated that 
embodiments of the present invention are not limited to 
an anode electrode structure having uniform dimensions. 
As such, an embodiment of the present invention may be 
fabricated so that a character line comprises anode 
line segments having dimensions first given above as 
well as anode line segments having dimensions second 
given above. 
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As shown in FIG. 1, smaller conductor strips 
5, 10, 16, and 21 are all electrically connected. Such 
connections vould apply for all anode line segments for 
a character line and there would typically be no such 
5 connection between similarly situated conductor strips 
in different character lines. Of course, it should be 
appreciated that the present invention does not require 
such electrical connection because appropriate 
voltages, as will be set forth in detail below, may be 

10 applied independently to these conductor strips. 
However, for a panel which is utilized in a character 
display mode , the electrical connection shown in FIG . 
1 is preferred. In the preferred embodiment shown in 
FIG. 1, space 29 between one end of larger conductor 

15 strip 3 and conductor 30 is .0625" and conductor 30 is 

•0625" wide. 

Table 1 helps illustrate the manner in which 
voltages are applied to anode electrode structure 12 
for use in conjunction with an electrophoretic display 

20 panel to provide full panel erase, "hold", "write", and 
selective erase operations in accordance with the 
present invention. A full panel erase operation is 
provided Idy applying a negative voltage to all anode 
line segments 2, 7, 13, and 18, i.e., by applying a 

25 negative voltage to larger conductive strips 3, 8, 14, 
and 19 and by applying a negative voltage to smaller 
conductor strips 5, 10, 16, and 21. Fiirther, a "hold" 
or a "write" operation is provided by applying a 
positive voltage to eill anode line segments 2, 7, 13, 

30 and 18, i.e., by applying a positive voltage to larger 
conductive strips 3, 8, 14, and 19 and by applying a 
positive voltage to smaller conductor strips 5, 10, 16, 
and 21. Lastly, a selective erase operation of a 
character line is achieved by applying a negative 

35 voltage to all of the anode line segments of that 



character line and by applying a positive voltage to 
all the anode line segments of the other character 
lines. 



TABLE J 



Operation Voltages for Larger Voltages for Smaller 

Conductor Strips Conductor Strips 



Full Panel -V -V 
Erase 

Hold +V +V 

Write +v +v 

Selective -V for Erased +v 

Erase of a Character Line 

Character 

Line +v for Other 

Character Lines 

Thus the above voltages are supplied by 
conventional circuitry as a. control line voltage 
generator 50 for the control lines as 5, 10, and so on, 
and a character line driver circuit 51 for character 
lines. It is, of course, understood that the control 
lines above and below a character line can be 
separately energized during erasure of a separate 
character line; thus the control lines need not be 
connected together and hence can be separately 
energized according to Table I. Thus, if one wished to 
erase only line 8, one would place a negative voltage 
on character line 8 and a positive voltage on the 
control lines which of course are connected together. 
In any event, these lines need not be connected 
together. All other character lines as 3, 14 would 
receive a positive voltage while the control lines also 
receive the same positive voltage. 



wo 93/07608 PCr/US91/07161 



10 



Those skilled in the art recognize that 
further embodiments of the present invention may be 
made without departing from its teachings and that the 
present invention is not limited to - the specific 
5 embodiments described above. 
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11 
Claims 

1. An anode electrode structure for an 
5 electrophoretic display, comprising: 

a multiplicity of groups of at least two 
conductors, one of the at least two conductors of each 
group of conductors being larger than another of each 
group of conductors. 

10 

2. The anode electrode structure of Claim 

1, wherein the larger conductor of each group has a 
larger cross section than another conductor of each 
group . 

15 

3 . The anode electrode structure of Claim 

2, wherein the larger cross section of each of the 
multiplicity of groups of conductors is substantially 
the same. 

20 

4. The anode electrode structure of Claim 
2, wherein the larger cross section of some of the 
multiplicity of groups of conductors are not 
substantially the same. 

25 

5. The anode electrode structure of Claim 
2, wherein the conductors having a smaller cross 
section in a predetermined number of adjacent groups 
are electrically connected. 

30 

6. The anode electrode of Claim 1, wherein 
each of said groups of conductors are fabricated from 
ITO deposited on a glass sheet. 

35 7. An anode electrode for an 
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electrophoretic display, comprising: 

a first plurality of parallel character 
lines each separated one from the other by a 
predetermined distance and forming a grid of anode 
5 lines, each line of a given length and width; and 

a second plurality of conductive control 
lines each also positioned between an associated first 
and second character line and each of relatively the 
same length as said associated character lines but of 

10 a lesser width, with at least one of said first 
plurality of character lines adapted to receive a 
different operating potential than said second 
plurality of control lines during at least one 
operating mode of said display. 

15 8. The anode electrode according to Claim 

7, wherein said first and second lines are fabricated 
from ITO deposited on a glass sheet. 

9. The anode electrode according to Claim 

8, wherein during an erase mode of said electrophoretic 
20 display, said character lines receive the same 

potential as said control lines. 

10. The anode electrode according to Claim 
7, wherein during a "write" mode of said display, said 
character lines and said control lines receive a 

25 positive voltage. 

11. The anode electrode according to Claim 
7, wherein dxiring a hold mode said character lines 
receive the same polarity voltage as said control 
lines. 

30 

12. The anode electrode according to Claim 
If wherein a single selected character line can be 
erased by applying a negative voltage to said selected 
line, with a positive voltage to all other character 

35 lines and with a positive voltage applied to said 



control lines. 

13. A method of selectively erasing an 
electrophoretic display, comprising the steps of: 

positioning a conductive control line 
5 beneath an anode character line in a display; 

applying a voltage of a given polarity 
to said control line when an erase voltage of the 
opposite polarity is applied to said character line; 
and 

10 applying a voltage of opposite polarity 

to said given voltage to all other character lines not 
being erased. 

14 . The method according to Claim 13 , 
wherein said control line and said character line are 

15 both fabricated from ITO. 

15. The method according to Claim 13, 
wherein said erase voltage is a negative voltage. 

16. The method according to Claim 15, 
20 wherein said opposite polarity voltage is positive. 

17. The method according to Claim 13/ 
wherein said conductive control line is of a 
significantly smaller area than said character line. 

18. The method according to Claim 13, 
25 wherein said control line is of the same length as said 

character line. 

19. The method according to Claim 13, 
wherein said control line is a smaller width than said 
character line. 

20 20. The method according to Claim 13, 

including the steps of positioning another conductive 
control line above said character line; and 

applying said voltage of said given 
polarity to said another conductive line when said 

35 erase voltage is applied to said control line. 
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